, and its advantage in improving the analysis accuracy of colorectal polyps over white-light (WL) endoscopy has been demonstrated in previous clinical studies. However, there are no objective criteria to evaluate and compare the aforementioned endoscopy methods. This paper presents a new criterion, namely entropy of color gradients image (ECGI), which is based on color gradients distribution and provides a comprehensive and objective evaluating indicator of the performance of colorectal images. Our method extracts the color gradient image pairs of 143 colonoscopy polyps in the LCI-PairedColon database, which are generated with WL and LCI conditions, respectively. Then, we apply the morphological method to fix the deviation of light-reflecting regions, and the ECGI scores of sample pairs are calculated. Experimental results show that the average ECGI scores of LCI images (5.7071) were significantly higher than that of WL (4.6093). This observation is consistent with the clinical studies. Therefore, the effectiveness of the proposed criterion is demonstrated.
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Linked color imaging; colorectal polyp; color gradient; quantifiable evaluating indicator Colorectal cancer (CRC) is the third most commonly diagnosed cancer among both men and women in the United States [1] . The colonic polyps have a rather high prevalence and are known to be precursors to colon cancer [2] . Colonoscopy is an effective method for detecting and removing adenomatous polyps and has resulted in significant decrease in the incidence and the mortality of colon cancer [3] . However, the quality of colonoscopy depends on human and instrumental factors and it affects the polyp miss and misclassification rate considerably [4] . Patients with missed adenomatous polyps may later be diagnosed with advanced colorectal cancer with a survival rate of less than 10% [5] .
Great progress has been made on the endoscopic technique in order to improve the diagnostic accuracy and therapeutic efficacy [6] [7] . Chromoendoscopy and magnified endoscopy, among others, have the most significant contribution, while they are time consuming and are not widely used in most parts of the world [8] . A few techniques of endoscopy such as white-light (WL) and linked color imaging (LCI) have been applied in medical equipment. LCI by laser endoscopy is a novel narrow band light observation, which uses a laser endoscopic system to enhance the color separation of red color to depict red and white colors more vividly [9] . Research on different endoscopy will optimize the current clinical strategy and will provide more professional assistance for doctors to differentiate between the mosaic and the normal mucosa [10] .
There are two clinical tasks for colorectal polyp analysis: detection and classification. In recent research in the field of medical science, a subjective marking criterion and a diagnostic accuracy criterion were applied to evaluate colonoscopy performance in both tasks. In the subjective marking criterion, the experts scored the visibility and color difference of the colorectal image according to their subjective feelings [11] . As for another method, two experiments were designed according to the diagnoses of endoscopists combined with histological verification.
P-value
However, there are still lacks of comprehensive quantifiable criteria for polyp analysis. The previous subjective comparisons reflect a particular characteristic, and it is uncertain depending on the subject group. Although the method based on pathological diagnosis is the best standard [14] , it costs a lot of time and labor work while it is unreviewable. Therefore, existing methods are not suitable for the generalized research on colorectal images in the testing phase of medical devices. Computer-aided methods [15] developed rapidly under the basic theory such as variational Bayes [16] [17] [18] , and they are increasingly used in the medical field. In this paper, we propose a quantitative method based on the color gradients for comparing the performance of LCI and WL colonoscopy in analysis of polyps.
The rest of the paper is organized as follows: In Section 2, we describe the implementation of entropy of color gradients image (ECGI) criterion in detail. In Section 3, we give an introduction to our LCI-PairedColon database. The experimental results on the database and related discussions are presented in Section 4. Finally, we draw our conclusions in Section 5. 
